Regular pelvic floor muscle training (PFMT) is a first-line conservative treatment for stress urinary incontinence (SUI) in women and has a cure rate of between 50% and 56%. 
free from complications. Common adverse effects are overactive bladder, voiding dysfunctions, urine retention, unsatisfactory treatment outcome, and infection. 9 Therefore, new conservative methods in the treatment of SUI need to be developed.
Cells and tissues can respond immediately to mechanical stresses transmitted over cell surfaces via connections that physically couple the cytoskeleton of cells to the extracellular matrix and other cells. Cells and tissues are under physiological tension even in the absence of external loading through the self-stabilizing building system known as tensegrity. The pre-tension/stress depends on myosin and actin motors located within the cells, and determines the initial stiffness of the structure. This system assures that cells and tissues will respond immediately when exposed to mechanical loads through mechano-transduction mechanisms. 10 The mechanical stimuli signals are then converted into biochemical signals that elicit specific cellular responses and functions. [10] [11] [12] Through this mechanism, forces promote cellular growth and survival, influence metabolic responses, and govern tissue architecture. 12 Low-magnitude, high-frequency vibration is a noninvasive mechanical oscillation biophysical modality. The intensity of the mechanical stimulation is dependent on the pre-tension in the tissue, oscillation frequency, and amplitude. 11 Beneficial effects, like increased muscle cell metabolism, muscle cell hypertrophy, and muscle cell regeneration on the musculoskeletal system, have been reported in preclinical and clinical studies. [14] [15] [16] [17] [18] [19] [20] Based on global gene expression and proteome analysis, Salanova et al. found genes that were explicitly responsive to vibration mechanosignals. They proposed that resistive exercises with imposed vibration mechanosignals are a more effective physiological countermeasure to prevent impaired muscular performance than conventional resistive training. 19, 20 As skeletal muscles are highly sensitive to vibration mechanosignals, [14] [15] [16] [17] [18] [19] [20] we developed a new device to improve PFMT by directly superimposing vibration mechanosignals during voluntary contractions, thereby increasing the sensitivity of the tissues to mechanical stress. The main aim of this study was to examine whether superimposed mechanical stimulation (vibration) during PFMT for training periods of 4 and 6 weeks, using an intravaginal training device, could reduce the amount of urine leakage in women suffering from SUI. The secondary aims were to: (i) determine whether an adaptive response occurs over time to superimposed mechanosignals; (ii) examine the association between the amount of urine leakage with respect to the Incontinence Questionnaire-Short Form (ICIQ-SF), age, parity, body mass index, duration of complaints, and force development of the pelvic floor muscles; and (iii) investigate whether there is a significant increase in force development of the pelvic floor muscles after training with superimposed mechanical stimulation during PFMT. Age, parity, and durations of complaints were recorded. The ICIQ-SF was used to assess the impact of symptoms of incontinence on quality of life at inclusion (T 0 ) and after 2 years in those who trained for 6 weeks.
| MATERIAL AND ME THODS

| Measurements
Body weight (kg) and height (cm) were measured to calculate body mass index. Urine loss (g) was quantified by an on the spot pad test with a coefficient of repeatability (CR) of 4 g. 24 Urinary stress test was performed with a standardized bladder volume. The bladder was emptied by a catheter and refilled with 300 mL 0.9% saline. The women were given pre-weighed pads, and thereafter, the women performed 5 coughs and 20 split jumps, and the pads were removed and reweighed. The urinary stress test was performed at inclusion (T 0 ), and after 4 (T 2 ) and 6 (T 3 ) weeks of training by a specially trained nurse. A woman was considered to be continent if she had ≤ 4 g urine leakage during the stress test. 
| Pelvic floor muscle training protocol
Before treatment, the women were instructed in the correct use of the device and how to perform an adequate contraction of the pelvic floor muscles. After inserting the probe into the vagina, so that the flaps of the distal part of the device ( The women performed the training at home in their preferred training position without any supervision. The display of the training device gave them visual feedback that they were performing the contractions of the pelvic floor in a correct manner.
To investigate whether training for 6 weeks is better than 4 weeks, we decided that the first half of the consecutively recruited cohort should train for a total of 6 weeks, while the rest of the cohort should train for 4 weeks (Figure 1 ).
| Statistical analyses
A priori power calculation showed that we needed a sample size of 
| Ethical approval
The project protocol was reviewed and approved by the Regional Committee for Medical and Health Research Ethics (REC-North ref.
number: 2010/34; date of approval: 7 February 2011). All participants provided written informed consent before participation.
| RE SULTS
Eighty-five women fulfilled the eligibility criteria and were invited to participate in the study. Twelve women refused participation, in 5 women the urinary leakage was > 50 g, and 3 women suffered from mixed urinary incontinence. Thus, 65 women were included in the study (Figure 1 ). After 2 weeks of treatment, 5 women were excluded from the study. In 4 women the treatment devices failed, and we did not have additional devices for replacement. In 1 woman force measurements and the absence of the bulbocavernous reflex indicated a lesion of the pudendal nerves. As a result, the total included cohort comprised 60 women ( Figure 1 ).
All women completed the training periods of 4 or 6 weeks.
During the first 2 weeks, 91.9% (± 9.5%) of the planned training sessions were carried out; after 4 and 6 weeks the figures were 87.2%
(± 11.4%) and 69.5% (± 11.4%), respectively. TA B L E 1 Basic clinical characteristics of the total study population A (n = 6 0), and B, the part of the study population that trained for an additional 2 weeks (n = 36) baseline clinical characteristics of the total cohort (A), and the part of the cohort that trained for an additional 2 weeks (B).
At T 0 , mean urine leakage after stress test was 20.5 (± 12.2) g.
This was significantly reduced to 4.8 (± 6.7) g at T 2 . This corresponds to a reduction of 76.6%. Of the 36 women who trained for an additional 2 weeks, there was a significant (P < .003) mean reduction in urine leakage on stress test from 4.6 (± 6.7) g to 1.5 (± 3.5) g (Table 2 ). This corresponds to a total reduction in urine leakage on A multivariate analysis, on reduction in urine leakage (response variable) with respect to all explanatory variables (Table 1) at inclusion, was performed. The only significant (P < .0001) variable was the amount of urine leakage at inclusion (β = 0.91, 95% CI: 0.76-1.1), indicating that those with the higher urine leakage benefited more from the treatment. No increase in the predictive power was observed when increase in muscular force developed in the pelvic floor muscles at T 2 and T 3 was added to the regression analysis. Table 3 
| D ISCUSS I ON
The main finding of our study was a significant reduction in urine leakage on stress test after 5 minutes of daily PFMT for 4 or 6 weeks with superimposed mechanical oscillations. Six weeks of training was more effective than 4 weeks. Reported training duration and intensity vary widely for the treatment of SUI. cytoskeleton and the extracellular matrix per training session, which equals 126 000 oscillations imposed on a voluntarily contracted pelvic floor during a 6-week training period. Using such simple calculations, the training load is 39 times higher with the superimposed mechanical oscillations than in usual PFMT training. It seems reasonable to suggest that the higher observed cure rates in our study compared with previous studies are due to the increased training load through a mechano-transduction mechanism. Therefore, based on our findings, we suggest that a training period of 6 weeks with superimposed mechanical stimulation is sufficient to reduce the amount of urine leakage in women suffering from SUI. If our findings are confirmed by additional studies, it might also be possible to increase the compliance to conservative treatment of the disorder.
We used the ultra-short perineal pad test with a coefficient of repeatability of 4 g to evaluate urine leakage. 21 One challenge of using this test is the reduced control with respect to the physical effort during coughing and split jumps. Although the women subjectively experience the same physical effort during testing, differences in physical effort may influence urine loss during stress tests. The
International Continence Society recommends the use of a standardized 1-hour pad test with < 2 g increase in pad weight as a criterion for continence, but the reliability of the test also varies due to differences in physical effort and vaginal secretion during this period of time.
Spontaneous remission of SUI is an important possible confounding factor as varied remission rates have been reported.
22-27
In a 2-year study of 64 650 women between 36 and 55 years of age, complete remission occurred in 13.9%. 27 In our study, however, the interval between exposure to treatment and the reduction in the prevalence of SUI was relatively short. It is therefore unlikely that the observed effects are due to a spontaneous remission of the disorder. In the cohort followed for 2 years, however, spontaneous remission may explain some of the reduction in ICIQ-SF scores. Despite these methodological considerations, we feel that the significant reduction in urine leakage of 77% and They found that the master genes in the atrophy pathway (myostatin and atrogin-1) were downregulated and that expression in the pathway for muscle hypertrophy was increased. In addition, cyclic mechanical stimulation has been shown to influence satellite cell activation, myoblast alignment, and myofiber diameter, and to closely mimic tissue elasticity, structural organization, and force-generating capabilities of native skeletal muscle. [17] [18] [19] These findings may explain the reduced amount of urine leakage after training with superimposed vibration mechanosignals.
A major limitation of our study is that it was not a randomized controlled trial and the physician and the patients were not blinded to the intervention. However, adding mechanical oscillations to PFMT to increase the mechanical load on the tissues seems promising, as earlier studies using PFMT have shown a positive association between PFMT and outcome. prospective randomized controlled studies, in which women train with an intravaginal device with and without vibration mechanosignals, are needed to confirm our findings.
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